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ABSTRAGT 
Z W O  

A comprehensive program of sound measurements was made f o r  t h e  
launch of Sa turn  Vehicle, SA-2, QF. A p r i l  25, 1952. Sclme 50 measurements 
were made a t  t h e  launch pad, within t h e  launch complex, and a t  ranges 
up t o  20 m i l e s  t o  o b t a i n  an eva lua t ion  of t h e  n o i s e  environments pro- 
duced dur ing  t h e  launch. The measurements were made wi th  f a c i l i t i e s  o f  
both T e s t  D iv i s ion  and t h e  Launch Opera t ions  D i r e c t o r a t e  of  MSFC thereby 
u t i l i z i n g  t h e  unique c a p a b i l i t i e s  o f  both o rgan iza t ions  t o  a l low s u f f i -  
c i e n t  redundancy and d i v e r s i t y  of d a t a  t o  adequate ly  d e s c r i b e  t h e  
cha rac t e r  is t ics of t h e  noise. 

The d a t a  obta ined  from t h e  measurements made by T e s t  Divis ion,  
which i s  p resen ted  here in ,  i s  processed t o  show t h e  v a r i a t i o n s  o f  t h e  
sound l e v e l s  i n  r e l a t i o n  t o  both t i m e  and frequency during t h e  launch. 
While t h e  v e h i c l e  was r e s t r a i n e d  on t h e  launch pedes t a l ,  sound p r e s s u r e  
l e v e l s  (SPL's) of 145 t o  150 dec ibe ls  (db) were measured on t h e  
p e d e s t a l  and a t  a 150- f t  r a d i u s  from t h e  veh ic l e .  Levels  i n  t h e  under- 
ground u t i l i t y  rooms w e r e  i n  t h e  range o f  110 to  116 db. On t h e  com- 
plex,  beyond t h e  pad, l e v e l s  of 120 t o  145 db were found dur ing  t h e  
r e s t r a i n e d  phase of  the  f l i g h t ,  b u t  a f t e r  l i f t o f f ,  t h e  l e v e l s  reached 
a maximum, i n  t h e  range of 134 t o  144 db, when t h e  lobe of  most i n t e n s e  
r a d i a t i o n  passed  over  t h e  ind iv idua l  measurement sites. 

The frequency s p e c t r a  f o r  measurements on t h e  600-f t  r a d i u s  from 
pad cen te r  g e n e r a l l y  peaked between 125 and 500 cps, and t h e  peak was 
below 100 cps  f o r  t h e  measurements on t h e  l2OO-ft radius .  
d i r e c t i v i t y  p a t t e r n  of t h e  sound propagat ion w a s  a maximum between 70 
and 90 degrees  from e i t h e r  de f l ec t ed  exhaust,  bu t  t h e  d i r e c t i v i t y  dur- 
ing t h e  launch w a s  found t o  have i ts  maximum 50 t o  70 degrees  from t h e  
exhaust  ( a l s o  vehic le )  c e n t e r  l ine.  

The "on pad" 

& 



Complete processing of t h e  measurements f o r  t h e  n o i s e  source 
c h a r a c t e r i s t i c s  revealed t h a t  t h e  a c o u s t i c  e f f i c i e n c y  was approximately a 
0.4 percentage, and t h a t  20 t o  40 megawatts of  a c o u s t i c  power was 
generated,  m o s t l y  i n  the  frequency range below 50 cps. 

I n  general ,  t h e  measured va lues  of t he  c h a r a c t e r i s t i c s  o f  t h e  
sound during t h e  launch were wi th in  t h e  u n c e r t a i n t i e s  of techniques 
p re sen t ly  employed for es t imat ing  no i se  environments; thus . a  b a s i s  f o r  
h igher  confidence i n  both e s t ima t ion  methods and measurement techniques 
used i n  evaluat ions of  no ise  environments i s  now ava i l ab le .  
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UNUSUAL TERMS 

SOUND-FIELD - A reg ion  containing sound waves. 

NEAR-FIELD - The p a r t  of t he  sound f i e l d  i n  the  immediate v i c i n i t y  of 
t he  sound source. I n  general  p r a c t i c e  near  f i e l d  environ- 
ments are found t o  be non- l inear  and dimensions are not  
l a r g e  compared t o  t h e  dimensions of t he  no i se  source. Thus 
t h e  r e l a t i v e  dimensions of t h e  n o i s e  source cannot be 
considered t o  approximate a point .  I n  t h i s  r e p o r t  t he  near  
f i e l d  i s  somewhat a r b i t r a r i l y  considered t o  e x i s t  wi th in  
50 f e e t  of t he  vehicle .  

FAR-FIELD - That p a r t  of t he  sound f i e l d  where the  sound waves a r e  pro- 
pagated a s  i f  i n  a free sound f i e l d  and where the  wave 
f r o n t  approximates a p l ane  wave. Also t h e  region i s  s u f f i -  
c i e n t l y  f a r  removed from the  source such t h a t  it can be 
assumed t h a t  a l l  the energy ori-girzates =t a po in t  sad is 
r a d i a t e d  according to c l a s s i c a l  l a w s  of physics.  For 
purposes of reference,  t h e  a c o u s t i c  f a r - f i e l d  i s  a r b i t r a r i l y  
divided i n t o  two subregions: t he  mid-f i e l d  which is between 
50 and 1500 f e e t  from t h e  source where f r e e  f i e l d  condi t ions  
and inverse  square  law r a d i a t i o n  a r e  most l i k e l y  to  occur,  
and t h e  f a r - f i e l d  which i s  beyond 1500 f e e t  where atmospheric 
he t e rogene i t i e s  and o the r  d i f f u s i o n  e f f e c t s  have a consider- 
a b l e  e f f e c t  on measurement values.  

NOISE FLOOR - The minimum R I B  sound p res su re  l e v e l  which can be measured 
due t o  background a c o u s t i c  no i se  o r  i n t e r n a l  e l e c t r i c a l  
no i se  i n  the  measurement system. I n  t h i s  r e p o r t  no i se  
f l o o r s  a r e  analyzed i n  octave bands and t h e  va lues  a r e  
ind ica t ed  by an X on t h e  c e n t e r  frequency o f  t he  ind iv idua l  
oc tave  bands. Where the  X is omit ted,  t h i s  i n d i c a t e s  t h e  
va lue  of t h e  noise  f l o o r  was less than t h e  minimum va lue  
of SPL which can be p l o t t e d  on t h e  graph. 

OCTAVE - A bandwidth i n  the  frequency spectrum where the  upper frequency 
l i m i t  i s  twice t h e  lower frequency, u s u a l l y  i d e n t i f i e d  by t h e  
cen te r  frequency. 

ONE-THIRD OCTAVE - A band width of frequency where the  upper  frequency 
l i m i t  i s  1. 26 t i m e s  t he  lower frequency, u s u a l l y  
i d e n t i f i e d  by t h e  cen te r  frequency. The cont ig ious  
bandwidths a r e  arranged according t o  American 
Standard Prefer red  Frequencies f o r  Acous t ica l  Measure- 
ments, S1. 6-1960. 

v i  i 



RANGE TIME - The t i m e  i n  seconds a f t e r  t h e  beginning of t h e  second 
during which l i f t o f f  of  t he  v e h i c l e  occurred. 

SOUND PRESSURE LEVEL (SPL) - The sound p res su re  l e v e l ,  i n  dec ibe l s ,  o f  
an RMS sound p res su re  i s  20 t imes t h e  
logari thm t o  t h e  base  10 of  t h e  r a t i o  of 
t h i s  p re s su re  t o  a r e fe rence  p res su re  o f  
0.000 2 microbar. 

POWER LEVEL (PWL) - The power l eve l ,  i n  dec ibe ls ,  o f  an a c o u s t i c  power 
i s  10 times t h e  logari thm t o  t h e  base 10 of t h e  
r a t i o  of t h e  power t o  a r e fe rence  power of  16-13 
w a t t s .  

v i i i  
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SUMMARY 

A comprehensive program of sound measurements was made f o r  t he  
launch of Sa turn  Vehicle,  SA-2; on A p r i l  25, 1962. Scze 5c! -~---.-----&- L I I s o u u I  S U S L L L 3  

were made a t  the  launch pad, within the  launch complex, and a t  ranges 
up t o  20 m i l e s  t o  ob ta in  an eva lua t ion  of t h e  no i se  environments produced 
dur ing  che launch. The measurements were made wi th  f a c i l i t i e s  of  both 
T e s t  Divis ion and t h e  Launch Operations Di rec to ra t e  of MSFC thereby 
u t i l i z i n g  t h e  unique c a p a b l i t i e s  of both o rgan iza t ions  t o  a l low s u f f i -  
c i e n t  redundancy and d i v e r s i t y  of  data t o  adequately desc r ibe  t h e  
c h a r a c t e r i s t i c s  of t h e  noise.  

The da ta  obta ined  from the  measurements made by T e s t  Divis ion,  which 
i s  presented  herein,  i s  processed to show t h e  v a r i a t i o n s  of t h e  sound 
l e v e l s  i n  r e l a t i o n  t o  both time and frequency during the  launch. While 
t h e  v e h i c l e  was r e s t r a i n e d  on the  launch pedes ta l ,  sound p res su re  l e v e l s  
(SPL's) of 145 t o  150 dec ibe ls  (db) were measured on the  pedes t a l  and 
a t  a 150-f t  r ad ius  from t h e  vehicle .  Levels i n  t h e  underground u t i l i t y  
rooms were i n  t h e  range of  110 t o  116 db. On t h e  complex, beyond t h e  
pad, l e v e l s  of  120 t o  145 db were found during t h e  r e s t r a i n e d  phase of 
t he  f l i g h t ,  but  a f t e r  l i f t o f f ,  t h e  l e v e l s  reached a maximum, i n  the  
range of  134 t o  144 db, when the l obe  of most i n t e n s e  r a d i a t i o n  passed 
over t h e  ind iv idua l  measurement s i t e s .  

The frequency s p e c t r a  f o r  measurements on the  600-ft r ad ius  from 
pad center  gene ra l ly  peaked between 125 and 500 cps, and t h e  peak was 
below.lO@ cps f o r  t h e  measurements on t h e  1200-ft  radius .  The "on pad" 
d i r e c t i v i t y  p a t t e r n  of t h e  sound propagation w a s  a maximum between 70 
and 90,degrees  from e i t h e r  def lec ted  exhaust,  bu t  t h e  d i r e c t i v i t y  dur- 
ing t h e  launch was found t o  have i t s  maximum 50 t o  70 degrees from the  
exhaust ( a l s o  vehic le )  cen ter  l ine .  
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Complete processing of t h e  measurements for t h e  n o i s e  source  
c h a r a c t e r i s t i c s  revea led  t h a t  t h e  a c o u s t i c  e f f i c i e n c y  was approximately 
0.4  percentage, and t h a t  20 t o  40 megawatts of acous t i c  power w a s  
generated, most ly  i n  t h e  frequency range below 50 cps. 

In  general ,  t he  measured va lues  of the  c h a r a c t e r i s t i c s  of t h e  
sound during t h e  launch were wi th in  t h e  u n c e r t a i n t i e s  of  techniques 
p re sen t ly  employed f o r  e s t ima t ing  n o i s e  environments; thus  a b a s i s  f o r  
h igher  confidence i n  both es t imat ion  methods and measurement techniques 
used i n  eva lua t ions  of n o i s e  environments i s  now ava i l ab le .  

SECTION I. INTRODUCTION 

A s  a p a r t  of t he  combined interagency Saturn Environmental Measure- 

Many of t hese  measurements were taken with 
ment Program, acous t i c  measurements were taken during t h e  launch o f  
Saturn  f l i g h t  vehic le ,  SA-2. 
f a c i l i t i e s  of Test  Div is ion  and were i n s t i t u t e d  t o  eva lua te  t h e  charac- 
t e r i s t i c s  of t h e  launch environments, both wi th in  t h e  launch complex 
and a t  long ranges. Accordingly, t he  d a t a  w a s  processed t o  show t h e  
environments a t  p a r t i c u l a r  l oca t ions  and a l s o  t o  g ive  genera l ized  
parameters of  t he  c h a r a c t e r i s t i c s  of Saturn  noise .  

R e s u l t s  of t hese  measurements are reasonably c o n s i s t e n t  with da t a  
obtained from t h e  a c o u s t i c a l  survey of SA-1 launch, and al lows improve 
eva lua t ion  of t he  a c t u a l  n o i s e  environments. Fur ther ,  t h e  empiri-1 
information now a v a i l a b l e  concerning Sa turn  n o i s e  cons iderably  reduces 
t h e  u n c e r t a i n t i e s  i n  procedures fo r  e s t ima t ing  a c o u s t i c  environmental  
va lues  during tes t  and launch ope ra t ions  of h igh - th rus t  rocke t  boosters .  

,,-?e? 

SECTION 11. PRESENTATION OF DATA 

A. GENERAL 

The measurements were made us ing  s tandard  techniques of 
acous t i c  ins t rumenta t ion  as d iscussed  i n  References 1, 2, and 3. 
The loca t ions  of t he  microphones are l i s t e d  i n  Table  I. To convert  
t h e  measurement record ings  t o  u s e f u l  data ,  they  were processed t o  ob ta in  
t h e  r m s  sound p res su re  l e v e l  a s  a func t ion  of t i m e  and as a func t ion  
of frequency i n  both oc tave  and 1/3-octave band widths. 
o f  t h e  rms sound l e v e l s  versus  frequency w a s  u s u a l l y  performed us ing  
averaging t i m e s  3 t o  5 seconds long, and the  l i m i t s  of t h e  averaging 
t i m e s  in  terms of range t i m e  i s  a l s o  presented  i n  Table  I. 

The eva lua t ion  
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The sound from a Saturn launch as a func t ion  of t i m e  i s  charac- 
t e r i z e d  by two d i s t i n c t  condi t ions.  Between i g n i t i o n  of t he  engines 
and l i f t o f f  o f  t h e  vehic le ,  t h e  sound l e v e l s  are r e l a t i v e l y  s t a b l e ;  
thus,  t he  d a t a  samples  can be processed us ing  an averaging t i m e  o f  
approximately 3 seconds, which is long enough t o  a l low a process ing  
accuracy of + 1 t o  2 db f o r  a l l  octave bandwidths and t h e  113-octave 
bandwidths above 50 cps. The da ta  obta ined  during t h i s  t i m e ,  r e f e r r e d  
t o  a s  "on pad" condi t ions,  while  not as accu ra t e  as s t a t i c  tes t  data ,  
s t i l l  a l lows a reasonably v a l i d  measure of  t he  n o i s e  c h a r a c t e r i s t i c s .  

To o b t a i n  an equal ly  v a l i d  eva lua t ion  of  t h e  n o i s e  c h a r a c t e r i s t i c s  
of t h e  Sa turn  a f t e r  l i f t o f f ,  a data  sample w a s  taken s h o r t l y  a f t e r  t h e  
l i f t o f f  time mark from those  measurements which showed a s t a b l e  
i n t e r v a l  of  d a t a  during t h i s  time phase. These s p e c t r a  r e f e r r e d  t o  as 
"launch" data were averaged together  and presented  a s  spectrum l e v e l s  
and are t h e  b e s t  a v a i l a b l e  measure of  t h e  frequency d i s t r i b u t i o n  o f  
t h e  Sa turn  n o i s e  source i n  f r e e - f i e l d  condi t ions.  

By c o r r e l a t i n g  t h e  m i s s i l e  pos i t i on  during t h e  launch wi th  t h e  
t i m e  h i s t o r y  of t h e  measured ove ra l l  sound l eve l s ,  t h e  d i r e c t i v i t y  
p a t t e r n  of t h e  n o i s e  source w a s  ca l cu la t ed  with t h e  technique d i s c r i b e d  
i n  d e t a i l  i n  t h e  SA-1 launch r epor t  (Ref. 1). 

For "quick- look" purposes, the  o v e r - a l l  l e v e l s  of  t h e  measurements 
are presented  i n , T a b l e  11, and t h e  o v e r - a l l  c h a r a c t e r i s t i c s  of t h e  
n o i s e  source are given i n  Table 111. 

B. NEAR-FIELD ZNVIRONMENTS 

These measurement locat ions,  as ind ica t ed  on FIG. 1, were t h e  
same as u t i l i z e d  on the  launch of SA-1,  and methods f o r  reducing t h e  
da t a  w e r e  a l s o  repeated. The o v e r - a l l  t ime-h is tory  records  and f r e -  
quency spectrum p l o t s  f o r  these  measurements a re  shown i n  FIG. 2 
through 7. 

For "quick- look" purposes, t he  o v e r - a l l  l e v e l s  of t h e  measurements 
are presented  i n  Table  11, and t h e  o v e r - a l l  c h a r a c t e r i s t i c s  of  t h e  
n o i s e  source are given i n  Table 111. 

These measurement loca t ions ,  a s  i nd ica t ed  on FIG. 1, w e r e  t h e  
same as u t i l i z e d  on t h e  launch o f  S A - 1 ,  and methods f o r  reducing t h e  
da t a  w e r e  a l s o  repeated. The ove r -a l l  t ime-h is tory  records  and f r e -  
quency spectrum p l o t s  f o r  t hese  measurements are  shown i n  FIG. 2 through 
7. 

C. MID-FIELD ENVIRONMENTS 

The.measurements were loca ted  as shown i n  FIG. 8 with t h e  
o b j e c t i v e  of measuring t h e  "on-pad" condi t ions  i n  a manner s imilar  t o  
s t a t i c  test  eva lua t ions .  A s  w i l l  be d iscussed  la ter ,  t h e  r e s u l t s  o f  
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SA-1 measurements had shown c e r t a i n  i n c o n s i s t e n c i e s  i n  t h e  d a t a  which 
could poss ib ly  have been due t o  t h e  f a c t  t h a t  t he  measurements were 
taken a t  va r ious  v e r t i c a l  e l eva t ions .  TO reduce t h e s e  incons i s t enc ie s ,  
t h e  microphones were placed 6 f t  above t h e  pad l e v e l  (termed "pad l e v e l "  
r e s u l t s )  on the  600-ft  r ad ius  and a t  150 f t  and 300 f t .  Resu l t s  of 
t h e s e  measurements a r e  presented  i n  FIG. 9 through 31. The p o s i t i o n s  
on t h e  1200-ft r a d i u s  and a t  t h e  300-ft  r ad ius ,  Az 182', 600-ft  r ad ius ,  
Az 162' and Az 198", had microphones pos i t i oned  6 f t  above t h e  grade 
l e v e l  a t  each pos i t i on .  The d a t a  ob ta ined  from t h e s e  microphones i s  
r e f e r r e d  t o  a s  "grade l eve l "  r e s u l t s .  I n  genera l ,  t h e  d a t a  from t h e  
SA-2 measurements was much more c o n s i s t e n t  than t h a t  from t h e  SA-1 launch. 
I t  should be noted t h a t  the  p o s i t i o n s  only 10" o f f  t h e  d e f l e c t e d  exhaust 
c e n t e r l i n e  were s u b j e c t  t o  extreme turbulence  during t h e  launch oper- 
a t i o n  and and very  l i t t l e  v a l i d  d a t a  was ob ta ined  from t h e s e  measure- 
ments. 

Measurements were a l s o  made i n s i d e  and o u t s i d e  t h e  c o n t r o l  block- 
house i n  complex 34 t o  eva lua te  t h e  n o i s e  l e v e l s  i n s i d e  dur ing  the  
launch and t o  check the  a c o u s t i c  energy l o s s  through the  blockhouse 
wal l s .  The da ta  from these  measurements i s  presented  i n  FIG. 32, 33, 
and 34.  

D. FAR-FIELD ENVIRONMENT 

To i n v e s t i g a t e  t h e  v a r i a t i o n  of o v e r - a l l  sound p r e s s u r e  l e v e l s  
as a function of range from t h e  source  and meteoro logica l  condi t ions  
over the a c o u s t i c  r a y  path,  t e n  da t a  c o l l e c t i o n  p o i n t s  were e s t ab l i shed .  
A s  shown i n  FIG. 35, t hese  p o i n t s  were chosen t o  f a l l  along t h r e e  
azimuths running through t h e  major popula t ion  cen te r s  of Brevard 
County. Each s t a t i o n  was equipped wi th  a sound l e v e l  meter, t a p e  
recorder ,  and r ad io  t iming r ece ive r .  The a c o u s t i c  t i m e  h i s t o r i e s  a s  
t hey  were recorded a r e  shown in FIG. 36 through 41 p l o t t e d  a g a i n s t  an 
a r b i t r a r y  t i m e  s c a l e  based upon range timing. 
l i f t o f f .  I g n i t i o n  occurred approximately two seconds e a r l i e r .  

Zero seconds occurred  a t  

By u t i l i z i n g  t h e  meteoro logica l  da t a  from t h e  launch-time rawinsonde 
r e l e a s e  from Cape Canaveral and t h e  s u r f a c e  weather measurements taken 
on Pad 34 ,  a c o u s t i c  v e l o c i t y  p r o f i l e s  have been c a l c u l a t e d  f o r  each 
measurement azimuth. However, no s i g n i f i c a n t  f o c a l  condi t ions  toward 
t h e  f a r - f i e l d  measuring pointswere noted, even though t h e  l e v e l s  were 
somewhat h igher  than during t h e  launch of Sa turn  SA-1.  The sound p r e s -  
s u r e  l eve l s  f a l l o f f  much a s  would be a n t i c i p a t e d  from c l a s s i c a l  a c o u s t i c  
propagation theory  ( inc luding  excess a t t e n u a t i o n ) .  No apprec iab le  
a t t enua t ion  i n  excess of t h e  inve r se  square  law could be seen. This 
d i f f e r s  completely from t h e  s t a t i c  t e s t  d a t a  ( R e f .  4 )  where 4 db per 
m i l e  appears t o  be standard.  The maximumover-all SPL's measured a t  
each f a r - f i e l d  monitoring po in t  a r e  l i s t e d  i n  Table I1 along with those 
from SA-1. Because of t h e  d i r e c t i v i t y  of t h e  moving no i se  source, t h e s e  
l e v e l s  cannot be considered t o  have o r i g i n a t e d  a t  e i t h e r  the same t i m e  
o r  t r a j e c t o r y  p o s i t  ion. 



5 

E. NOISE SOURCE CHARACTERISTICS 

By processing the  da ta  from the  ind iv idua l  measurements, 
c e r t a i n  der ived,  o r  general ized,  r e s u l t s  can be obta ined  which desc r ibe  
t h e  no i se  source.  By comparing these  der ived r e s u l t s ,  a convenient 
means f o r  eva lua t ing  d i f f e r e n t  no ise  sources  i s  ava i l ab le .  Therefore ,  
t h e  SA-2 d a t a  h a s  been averaged and processed t o  show t h e  power spec t r a ,  
d i r e c t i v i t y  p a t t e r n s  of  t he  o v e r - a l l  no i se  r a d i a t i o n ,  spectrum l e v e l  
curve,  and a c o u s t i c  e f f i c i ency ,  which shows t h e  percentage o f  k i n e t i c  
j e t  stream power converted t o  acous t i c  power. This  information is  pre-  
s en ted  i n  Table I11 and i n  FIG. 44, 45, and 46, a long  with p a r t i a l  
r e s u l t s  of t h e  Sa turn  s t a t i c  t es t  survey and t h e  SA-1 survey. 

F. DIFFUSE FIELD EFFECTS 

The r e s u l t s  o f  sound measurements taken during t h e  SA-1 launch 
ind ica t ed  t h a t  c e r t a i n  d iscrepancies  i n  the  da t a  had occurred which 
may have r e s u i t e d  from r e f l e c t i o n s  and d i f f u s i o n s  of  t h e  sound waves 
generated by t h e  rocke t  exhausts.  Because a l l  t he  microphones used 
in  t h e  SA-1 survey were loca ted  6 f t .  above t h e  grade l e v e l  a t  each 
mike loca t ion ,  t he  cha rac t e r  o f  the t e r r a i n  caused t h e  mikes t o  be 
pos i t i oned  a t  a v a r i a b l e  e l eva t ion  wi th  respect t o  t h e  pad surface.  
The microphones a t  150 f t ,  angular  coord ina te  (A.C.) 50" and 600 f t ,  
A.C. 90" were both  mounted 6 f t  above t h e  pad sur face ,  but  a l l  o t h e r s  
were lower, w i th  t h e  r e s u l t  t h a t  some pickups w e r e  s l i g h t l y  above t h e  
pad sur face ,  and o t h e r s  were as much as 4 f t ,  below the pad sur face .  
Also, sound l e v e l s  sensed by t h e  microphones a t  300 f t ,  A.C. 50", 
600 f t ,  A.C. 30", and 600 f t ,  A.C. 70' could be misleading because t h e  
sound waves a t  these  loca t ions  might be d i f fused  by l a r g e  s o l i d  o b j e c t s  
o r  r e f l e c t i n g  su r faces  which could cause l o c a l  r e f l e c t i o n s  o r  r e f r a c t i o n s .  

To o b t a i n  a b e t t e r  e s t ima te  of t h e  magnitude of t hese  e f f e c t s  a l l  
measurements w i th in  1000 f t  o f  the launch pad cen te r  l i n e  were mounted 
6 f t  above the pad e l eva t ion  f o r  the SA-2 measurements. I n  a d d i t i o n  
t h e  mikes loca t ed  6 f t  above grade l e v e l  a t  t h e  p rev ious ly  mentioned 
p o s i t i o n s  were a l s o  used. The r e s u l t s  o f  t h e  measurements made a t  t h e  
two e l e v a t i o n s  a t  each of t hese  three loca t ions  are presented  i n  
FIG. 47 and 48. 

The p l o t s  show d i f f e rences  i n  t h e  s p e c t r a  i n  each case, but  no 
c o n s i s t e n t  d i f f e r e n c e  i n  the  spec t ra  are p resen t  i n  a l l  t h e  p lo t s .  
Hence, i t  i s  l i k e l y  t h a t  d i f f u s i o n  occurred a t  a l l  t h r e e  loca t ions ,  
but t h e  l o c a l  geometry a t  each pos i t i on  w a s  s l i g h t l y  d i f f e r e n t  thus  
causing t h e  lack of cons is tency  i n  t h e  r e s u l t s .  However, t h e  o v e r - a l l  
SPL's of t h e  measurements on t h e  600-ft  rad ius ,  as t a b u l a t e d  i n  Table  
I1 a r e  much more c o n s i s t e n t  than the SA-1 r e s u l t s .  Based on these  



6 

eva lua t ions ,  i t  can be concluded t h a t  t h e  SA-2 measurements a l low a 
b e t t e r  eva lua t ion  of t h e  sound f i e l d s  p re sen t  i n  LC-34 during t h e  
launch, and it  can be recommended t h a t  a l l  measurements w i t h i n  600 f t  
of t h e  pad c e n t e r  l i n e  be made a t  an  e l e v a t i o n  6 f t  above pad level 
f o r  f u t u r e  launch surveys.  b 

SECTION 111. CONCLUSION 

The acous t i c  d a t a  obta ined  from t h i s  survey i s  reasonably con- 
s i s t e n t  with pred ic ted  environments and the  r e s u l t s  of t h e  SA-2 launch. 
This  d a t a  i s  p a r t i c u l a r l y  va luab le  i n  allowing improved eva lua t ion  of 
t he  a c t u a l  n o i s e  environments and genera l ized  c h a r a c t e r i s t i c s  of t h e  
Sa turn  veh ic l e  as a moving no i se  source.  Also  s u f f i c i e n t  redundancy 
of d a t a  i s  a v a i l a b l e  t o  a l low a high measure of confidence i n  t h e  sys-  
t e m  f o r  acqui r ing  and reducing d a t a  used i n  surveys of Sa turn  s t a t i c  
tes ts  and launches. 
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TABLE 11. 
OVER-ALL ACOUSTIC LEVELS RESULTING FROM SATURN LAUNCHES 

1 MICROPHONE LOCATION 

EHICLE ENVIRONMENTAL MEASUREMENTS 

Sta .  860, Umbilical  Pole  
S t a .  167, Umbilical  Pole  

:SE ENVIRONMENTAL MEASUREMENTS 

Small U t i l i t y  Room 
Large U t i l i t y  Room 
Outside Control  Bui lding 
Ins ide  Control  Bui lding 

______ 

IID-FIELD MEASUREMENTS FOR EVALUATION 
IF NOISE CHARACTERISTICS 

(Following Measurements were made 
i n  a plane 6 F t  above pad l eve l )  
150 F t  Az 182", A. C. +50" 
300 F t  Az 182", A.C.  +50" 
600 F t  Az 82", A.C. -50" 
600 F t  A Z  102", A.C. -30" 
600 F t  A z  162", A.C.  +30° 
600 F t  Az 182", A.C. +50° 
600 F t  Az  198", A.C.  +70" 
600 F t  Az 222", A.C. +90" 
600 F t  Az  242", A.C. + l l O o  
600 F t  Az 262", A.C. +130" 
600 F t  Az 282", A.C. +150" 

(The fol lowing measurements were 
made a t  t h e  e l e v a t i o n  6 F t  above grad€ 
l eve l  a t  the microphone loca t ion . )  
300 F t  Az 182", A. C. +50" 
600 F t  Az 162", A.C. +30" 
600 F t  Az 198", A.C.  +70" 

1200 F t  Az 162", A.C. +30" 
1200 F t  Az 182", A.C. +50" 
1200 F t  Az 198", A.C. +70" 

1200 F t  A Z  122", A.C. -10" 

DVER-ALL SOUND PRESSURE LEVELS 
DB (Re: 0.0002 Microbar) 

ON PAD 
SA- I SA- 2 

147 
154 

114 
119 

153 

141 
143 

129 
130 

122 
129 
130 

145 
149 

112 
116 
113. 5 

150 
142. 5 
141 
13 2 
129. 5 
134 
140 
139.5 
143 
141 
133 

138 
133 
138. 5 

1 2 1  
126 
'1 27 

LAUNCH MAXIMUM 
SA- 1 SA- 2 

138 

131 
138 
135 

114.5 

137 
140 

142.5 
144 

141 
14 1 
140. 5 

132. 5 

144 
134 
13 5 
136.5 
136.5 
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86,750 
33,800 

14,780 
51,750 
7 2,300 
79, 600 
29,600 
71,250 
54,300 

5,000 

1 

TABLE 11. CONT'D 

FAR FIELD 
Monitoring, 
Station 

J 

MEASUREMENTS ON PAD 
Range I n  
Feet 

LAUNCH MAXIMUM 
S A - 1  I SA- 2 

94 
102 
122 
122 
10 2 
93 
8 6  

10 5 

100 
10 9 
126 
122 
10 7 
10 3 
100 
121 
10 2 
105 
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